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Lead zirconate titanate (PZT) ceramics are widely used as 
piezoelectric transducer materials for bulk (BAW) and surface (SAW) 
acoustic wave devices (1-4). In this article investigations were 
primarily carried out on hot-pressed ceramics. The SAW properties such 
as the velocity and the electromechanical coupling constant were 
measured using a noncontact laser-ultrasound technique. The laser 
beam for generation of ultrasound has a ring shape in order to produce 
a strong ultrasonic pulse without overheating the sample surface. This 
technique is convenient and applicable to both poled and unpoled PZT. 
A novel method for measuring the SAW anisotropy is also given. The 
variation of SAW due to changes of microstructure such as grain size 
obtained by different hot pressing conditions are illustrated. 
NONCONTACT LASER-ULTRASOUND TECHNIQUE 
Converging surface acoustic waves can be generated by irradiating 
the inspected sample with a ring-shaped pulsed laser beam, and 
detected by an interferometer focussed at the center of the ring 
(5-6). This method is simple, fast, noncontact and also 
nondestructive. The experimental setup is shown in Fig.1. A multimode 
Nd:YAG laser which gives typically 15 ns and 100 mJ optical pulses is 
focussed through an axicon lens on the surface of the sample. It 
produces a focussed optical ring typically of 15 mm diameter and 0.2 
mm width. The diameter of the ring can be varied to some extent by 
axially displacing the axicon lens. The lens-to-surface focusing 
distance is about 1m. The focussed optical ring excites both 
converging and diverging surface waves but only the converging SAW is 
of interest here. The vertical displacement of the SAW is detected at 
the center of the ring by a Michelson type interferometer which has 
about 0.2 A0 sensitivity and 40 MHz bandwidth. With this geometry 
high laser-ultrasound conversion efficiency is obtained at the center 
of the ring without the risk of damaging the sample (5-7). With this 
technique the bulk longitudinal and surface acoustic wave velocities 
of the sample can be obtained simply from the radius of the ring 
iivided by the acoustic time delay (5,6). 
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The accuracy of the velocity measurement is limited to a large 
extent by the accuracy in the measurement of the diameter of the ring. 
This can be optimized by increasing the diameter and reducing the 
width of the optical ring which also has the beneficial effect of 
reducing the SAW pulse width. Typical accuracy with a ring of 15 mm 
diameter is 0.5%. However, because of the size limitation of some 
samples, some measurements are performed using the smaller optical 
excitation ring. 
The strength of the piezoelectricity in the material is expressed 
as an electromechanical coupling constant. It is a measure of the 
relative contributions to the energy carried by the SAW from the 
elastic, piezoelectric and electric components. The effective 
coupling constant K2 of a SAW is given as 
K2 
= 
where 
Both V 
2~ 
V 
!':1V = 
V = 
V' 
and V' 
v - v• 
SAW velocity without electroded surface 
SAW velocity with electroded surface 
[1) 
can be measured by the laser-ultrasound technique. 
To illustrate the applicability of the noncontact laser 
ultrasonic technique to this measurement a sample of PZT-5 material 
(prepared by Almax Industries Ltd.) was measured in the unpoled, poled 
without electroded surface and poled with electroded surface 
conditions. The SAW was propagated in the plane perpendicular to the 
poling axis. The detected acoustic signals are given in Fig.2(a), (b) 
and (c), and the corresponding Rayleigh wave velocitie~ are about 
1912, 2197 and 2112 m/s respectively implying that K for this 
particular sample is 7.7%. The diameter of the ring, optical energy, 
optical pulse width and pulse repetition rate used were about 15.3 mm, 
250 mJ, 15 ns and 0.2 Hz respectively. 
The conventional method for measuring the SAW properties such as 
velocity and K2 is to deposit an interdigital transducer on the 
piezoelectric sample and measure the radiation resistance or directly 
~V/V. This method needs a time consuming photolithographic process and 
the sample must be well polished and clean. Furthermore for 
nonpiezoelectric samples, such as unpoled PZT, this method can not be 
implemented. Our converging SAW technique can be used to produce 
strong laser-generated SAW pulses with peak temperatures of the order 
of 100°C for the irradiated surface. A much higher surface 
temperature would be required to produce SAW pulses with the same 
amplitude if the Nd:YAG laser was focused on a spot or on a line 
through a conventional spherical or cylindrical lens, rather than 
through the axicon lens used in our case (7). 
The poling procedure makes the PZT sample "stiffer", therefore 
the Rayleigh velocity of the poled PZT is faster than that of the 
unpoled sample. The electroded surface of poled PZT reduces part of 
the piezoelectric stiffening effect as Fig.2 shows. 
Fig. 1 Experimental setup for laser ultrasound 
generation and detection. 
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Fig.2 Measured acousti c signal of a PZT-5 (Almax) (a) unpoled, 
(b) poled without electroded surface and (c) poled with 
electroded surface. 
Horizontal:500 ns/div, Vertical: arbitrary 
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ACOUSTIC PROPERTIES OF PZT UNDER DIFFERENT HOT-PRESSING CONDITIONS 
It is known that ferroelectricity is strongly influenced by the 
structure of the material. To obtain ceramics with different 
microstructures various hot-pressing conditions such as temperature, 
pressure and time were used. The laser-ultrasonic method was then 
used to evaluate the SAW velocity and electromechanical coupling 
constants of PZT's fabricated under different hot pressing conditions. 
The investigations were carried out on PZT's containing Mn or Co ions 
as a minor or as a complex perovskite compound. They are described in 
Table I. The densities of these PZT's correspond to more than 98% of 
the theoretical value (8200 Kg/m3). 
INDEX 
S-I-2 
S-II-6 
S-III-7 
S-IV-15 
Table I Compositions Selected for Hot-Pressing 
COMPOSITION 
Pb[(Mg113 Nb 213)Zr, u]o 3 
Pb[(Li 1; 4 Nb 314)Zr, Ti]o3 
Pb[(Li114 Nb 314 )(Cu114 Nb 3/ 4)Zr, u]o 3 
Pb [<Mn 113 Nb 213)Zr, Ti]o 3 
ADDITIVE 
MnO ; CoO 
MnO 
MnO 
The influence of h~t-pressing conditions on SAW velocity, 
density, grain size, and K are shown in Figs.3 and 4 for several PZT 
samples listed in Table I. All values of SAW velocity are ~iven for 
PZT without electroded surface. All SAW velocities and K 's were 
measured by the noncontact technique. To vary the hot-pressing 
conditions obviously causes some changes in the ceramics 
microstructure. The temperature and time are the main factors 
affecting the grain size (Figs. 3b and 3c). The grain sizes are 
measured by a scanning electron microscope. The influence of pressure 
on grain size is negligible (Fig.3a). 
In Fig.3 it is seen that an increase in pressure, temperature and 
time enlarges the grain size and in Fig.4 it also enhances the values 
of K2• From Fig.3(a) the influence of pressure on grain size is 
negligible, and from Fig.4 the increase in pressure affects the value 
of K2 to a greater degree than the increase in temperature and time. 
This effect is possibly associated with a better fusion between grains 
resulting from the higher pressure during hot-pressing. 
In conclusion a high efficiency, noncontact and nondestructive 
laser-ultrasound system has been presented to evaluate the SAW 
velocity and electromechanical coupling constant K2 of PZT ceramics 
under different fabrication conditions. A novel method to characterize 
the SAW anisotropy is also demonstrated. 
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Fig. 3 The effect of 0 (a) pressure (temperature: 1200 C, time: 30 mins.), 
(b) temperature (pressure: 4000 psi, time: 1 hour), and 
(c) time (temperature 1150°C, pressure: 4000 psi) 
during hot-pressing of PZT ceramics on SAW velocity, 
grain size and density of PZT ceramics. 
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EVALUATION OF SAW ANISOTROPY 
As a result of SAW anisotropy SAW velocities vary with 
orientations. Since a SAW pulse is used here, its arrival time to the 
center of the ring can be used as the criterion to detect the degree 
of anisotropy along each different radial direction of the optical 
ring. The arrival time will be different if some SAW anisotropy 
exists. If the portion of the ring is large and SAW anisotropyis 
present, the SAW pulse width will be broadened , due to different 
arrival times along different directions of this portion of ring. 
Therefore in this case the pulse width can be used as another 
criterion to evaluate the degree of anisotropy. 
In order to evaluate the detectability of the SAW anisotropy 
using the current experimental system an elliptical-like (but almost 
circular) optical ring is excited on an isotropic aluminum sample. The 
noncircular shape is obtained by deliberately misaligning some lenses 
or by tilting the sample slightly in the experimental setup. The 
averaged diameter of this noncircular ring is about 23 mm. Figure 
5(a) illustrates the shape (exaggerated) of this noncircular ring. 
This noncircular ring will introduce different time delays of the SAW 
pulse along different directions. During the experiment a quarter 
ring is used for excitation and the remaining three quarters are 
blocked by a rotating shutter as shown in Fig.6. The reason for 
choosing a quarter ring is that acoustic signals with good signal to 
noise ratio can be obtained using the existing experimental setup. 
Figura 5(b) illustrates the measured acoustic signals at positions A 
to I and the labels A to I represent the center of the quarter 
excitation ring. Fig.5(c) shows the expanded SAW pulses but only for 
the positions E, H and I. From Fig.5(c) it is clearly seen that the 
difference in time delay is about 70 ns which corresponds to a 
distance of 220 pm and it is about 2 percent of the total time delay. 
It is well known that the SAW velocities on the Y cut (XZ) plane 
of LiNb0 3 exhibit rather high anisotropy. Figura 7 is the measured 
waveform using a full ring for the XZ plane of LiNb0 3• Figures 5 and 
7 confirm that the delay time and pulse width of the SAW pulse may be 
used to evaluate the degree of averaged SAW anisotropy. Naturally the 
detectability of the SAW anisotropy will be enhanced if the radius of 
the ring increases. It is noted that in examining the SAW anisotropy 
of a sample with our experimental system the sample remains untouched 
and the scanning is done simply by rotating the blocking shutter. 
It is interesting to examina the degree of SAW anisotropy on the 
plane perpendicular to the poling axis of PZT ceramics (8). One 
quarter and one eighth of the optical ring were separately used and 
rotationally scanned along the different radial directions of the 
optical excitation ring. A PZT-5 sample (Valpey Fisher) is used for 
the measurement and the results using a quarter optical ring are given 
in Fig.8. No SAW anisotropy behavior was visible within the 
resolution (about 10 ns) of the experimental apparatus. It should be 
noted that this experiment only measures the averaged SAW anisotropy. 
For localized SAW anisotropy measurement line-focus beam acoustic 
microscopy can be used (8). 
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Fig.5 (a) The shape of an elliptical (exaggerated) ring. 
(b) The measured signal at the center of the elliptical 
ring by using the rotating shutter to block 3/4 
of the ring. The center positions of the quarter 
ring is expressed as A to I in (a). 
(c) The expanded waveform of the SAW signals at positions 
E, G and r. 
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Fig.6 A schematic diagram of the 
rotating shutter for the 
optical excitation ring. 
Fig.7 The measured acoustic signal 
on XZ (Y Cut) of LiNb03 at 
the center of a circular ring. 
Fig.8 The measured acoustic signal at five different positions 
on the plane perpendicular to the poling axis of a PZT-5 
(Valpey Fisher) using a quarter of an optical ring. 
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